Hardening process in the manufacture of rice cakes is the most important process, because it is time-consuming process. We aimed to develop a new cultivar of waxy rice characterized by both high yield and excellent processing properties. For this purpose, the urea dissolution and X-ray diffraction (XRD) methods were employed in order to quantitatively assess the factors associated with rice cake hardness. In this study, rice starch dissolution rate and measurement of relative starch crystallinity (RSC) are discussed. Four waxy rice cultivars with different hardening properties were selected as test samples, and pasting properties, hardness, urea dissolution of starch and XRD properties were assessed. It is supposed that dissolution rate and RSC are closely related to rice cake hardening, are suitable parameters for quantifying rice cake hardening, and are useful for predicting the hardness of new novel cultivars. To assess rice cake hardness in novel cultivars, it is important that tests focusing on the determination of different parameters, such as pasting properties, urea dissolution and XRD, be designed.
INTRODUCTION
In Japan, the annual rice yield is 292,000 metric tons, and 3% of this is harvested in Akita Prefecture [1] . The cultivation area for waxy rice in Akita Prefecture is about 1,500 ha, with the major cultivars being "Tatsukomochi" and "Kinunohada", which have been promoted by the Akita Agricultural Experiment Station. While these rice cultivars are characterized by high yield, they are of poor quality for rice cake production, as compared to the most well-known waxy rice cultivar, "Koganemochi" [1] .
Hardening process in the manufacture of rice cakes is the most important process, because it is time-consuming process. For this reason, "Koganemochi" is considered to be the best waxy rice cultivar in Japan.
We are currently engaged in the development of a new waxy rice cultivar that offers processing properties similar to "Koganemochi". Several studies related to the assessment of rice cake hardening have been reported, including the measurement of the degree of bending of rice cakes, as reported by Egawa et al. [2] , the penetration resistance test using a compression tester or fruit hardness tester [2] [3] [4] , and the thermophysical method using a viscograph or rapid visco-analyzer [4, 5] . Sato et al. repor ted that rice cake hardening proper ties, assessed using a rapid visco-analyzer, were proportional to pasting and peak temperatures, as well as to minimum and final viscosities [6] . Igarashi et al. showed that it was possible to conduct analysis using amylopectin chain distribution [7] . Thus, although studies for determining rice cake hardening properties have been performed, all of the reported methods require numerous rice samples of more than several hundred grams.
In contrast, Nishi et al. [8] and Okamoto et al. [9] reported the urea dissolution method, which requires only a dozen grams of rice to determine the rate of rice cake hardening. This method has been further developed by other researchers. Sato et al. examined the urea dissolution method using a small quantity of rice and Ikuko KODAMA, Chika SHIBATA, Naoko FUJITA, Kyoko ISHIKAWA, Toru TAKAHASHI, Yasunori NAKAMURA, Tomohiko KAWAMOTO, Kazunao KATO, Kensuke SATO, Maya MATSUNAMI, Yoshinobu AKIYAMA 158 reported that it could be used to assess hardness, as it shows differences among varieties and correlates with gelatinization temperature [6] . The urea dissolution method is superior to the bending and penetration resistance tests with regard to the amount of sample required.
Thus, the urea dissolution method has some advantages, but it has conventionally been used to study only one condition in previous studies. For a more accurate and general assessment of rice cake hardening using the urea dissolution method, it is necessary to gather more data under multiple experimental conditions. We aimed to develop a new cultivar of waxy rice characterized by both high yield and excellent processing properties. For this purpose, the urea dissolution reaction and XRD analysis were employed in order to quantitatively assess the rice cake hardening. In this paper, we discuss the applicability of the urea dissolution rate and relative starch crystallinity (RSC) for assessment of rice cake hardening. 0.5% by weight using a test polisher (Toyo Co., Ltd., Wakayama, Japan). Only defectfree grains were used.
MATERIALS AND METHODS

Materials
EDTA 2 Na, urea, iodine, potassium iodine and calcium fluoride were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Instrumental hardness measurement
In a mechanical compression test of rice cake, rice (320 g) was soaked in water for 6 h at room temperature, steamed for 25 min and kneaded in a rice cake maker (PFC-20FK, Toshiba Corporation, Tokyo, Japan) for 13 min. Next, the rice was molded into a rectangular shape (55, 200, 15 mm, w l d) and chilled for 24 h at 15 .
Mechanical compression was carried out using a food rheometer (RE-33005, Yamaden, Tokyo, Japan). Samples were compressed to 50% strain by a plunger (8 mm diameter, non-sticky Teflon) at 1 mm/s. The height of the force peak was defined as hardness. The mean value of a series of 10 tests was calculated and used for analysis.
Measurement of pasting properties
Pasting properties of rice flour were analyzed using a Rapid Visco Analyzer (RVA-4, Newport Scientific Pty.
Ltd., Warriewood, Australia). Milled rice flour (3. Viscosity parameters were expressed in rapid viscosity units (RVU), which are typically used in RVA tests. Tests were repeated five times.
Urea dissolution method for rice starch
Rice grains were soaked in distilled water for 1. Absorbance at 530 nm was measured by a spectrophotometer (DU7500, Beckman Coulter Inc., CA, USA). All tests were performed in duplicate and the results averaged.
XRD analysis
Rice samples were ground into powder and passed through a 75-m sieve. Next, 5% (w/w) calcium fluoride was added as an internal standard [10] , followed by thorough mixing. Nara et al. reported that RSC was influenced by the moisture content of starch, with RSC increasing propor tionally to moisture content [11] .
McPherson et al. previously reported the usefulness of moisture content equilibration in starch samples [12] . In accordance with their report, our samples were hydrated to 98% relative humidity by incubation in a sealed vessel, thus equalizing the moisture content. The vessel was kept at 25 for 24 h. Moisture contents of samples were measured using an infrared moisture tester (FD-610;
Kett Electric Laboratory, Tokyo, Japan), and were found where TD, BG and IS are the total area of diffractogram, background area and area of internal standard, respectively. Data smoothing procedures were performed using a moving average method and backgrounds were calculated using Sonnevelt-Visser's method with a 0.10-peak width and 0.001 intensity limit. XRD analysis was carried out in triplicate.
Statistical analysis
Statistical analysis system softwar e package (STATISTICA 06J, StatSoft Japan Inc., Tokyo, Japan) was used for analysis of variance. Dewanomochi was 542 and 589 RVU, respectively, which was significantly different from the other samples (P 0.05). With respect to minimum viscosity, the lowest value was recorded for Himenomochi, but there were no significant differences among the other three cultivars.
RESULTS AND DISCUSSION
Pasting properties and instrumental hardness measurement
The highest final viscosity was observed in Otomemochi, and the lowest was obser ved in Himenomochi. The breakdown properties of the four cultivars showed the same numerical order as for peak viscosity.
Sato et al. studied the pasting properties of a number of waxy rice cultivars and reported that hardness was positively correlated with gelatinization temperature, peak temperature, minimum viscosity, final viscosity and consistency; however, breakdown was negatively correlated with RVA properties [6] . Significant differences (P 0.05) in hardness were observed in the four cultivars, which showed strong positive correlations with breakdown and peak viscosity, but a weak negative correlation with pasting temperature. Hardness showed a high correlation with peak viscosity (0.96, P 0.01) and breakdown (0.97, P 0.01).
Dissolution rate
Starches are known to be disintegrated by urea, and the degree of disintegration is dependent on the starch's where, C [ g ml -1 ] is concentration of dissolved starch, t
[h] is time and R [ g ml
] is dissolution rate. Dissolution rates of the four cultivars are listed in Table   3 . All coefficients of determination for the four cultivars were higher than 0.83.
The conventional urea dissolution method has been tested under only one condition for example, at room temperature for 12 h in previous studies. We believed that for a more accurate and general assessment of rice cake hardening, it was necessary to test under multiple experimental conditions. The dissolution rate defined in this study is given by the slope of regression line which consist of four data points; thus, the measurement errors can be eliminated to a certain degree.
XRD analysis
XRD analysis has been typically used to characterize the cr ystalline structure of starch. We assumed that starch crystallinity was related to its dissolution in urea and rice cake hardening. In this analysis, we controlled for the particle size and moisture content of rice powder samples, and calcium fluoride was added as the internal standard to quantify the amount of starch crystal as accurately as possible. Figure 2A shows the raw diffractograms of four samples and 2B shows the smoothed and background-subtracted diffractograms. RSCs were generated from the area of the background-subtracted diffractograms. All diffractograms showed an A-type pattern and the IS peak appeared at 28.2° (2 ). RSCs of the four cultivars are listed in Table 4 . The highest RSC was recorded in Koganemochi, which had excellent processing properties, especially with respect to rice cake hardening. The lowest RSC was recorded in Himenomochi, which had the lowest rice cake hardening rank in this experiment. Figure 3A shows relationship between R 25 and hardness rank. Hardness rank was quoted from the literature [13] , with the hardest rice cake being classified as "Rank 1". Spearman rank correlation coefficient was 0.88 (P 0.05). The relationship between RSC and HN is shown in Relationship between R 25 and rice cake hardness rank.
Hardness rank was quoted from the literature [13] , with the hardest rice cake being classified as "Rank 1". Spearman rank 
CONCLUSIONS
Hardening of rice cake could be well correlated with 
